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Epidemiological research aims to establish the causes, mechanisms, and natural history of illness. It has traditionally focused on specific diseases, using data obtained from populations to investigate the factors related to the disease of interest. The relevant data will usually include some of the characteristics of the patient; the manifestation of the disease; the patient's history and social status; the patient's past and present environment; and the characteristics of other people without the disease. Analysis aims to establish the nature and strength of the interrelations between these factors and the occurrence of disease. In this way epidemiology has answered questions such as: Why does this disease occur? What causes it? What is likely to happen? How can we prevent disease or improve recovery?
Often epidemiological research will incidentally also answer the question, How common is this disease? Consequently a second, much more recent focus has been the use of epidemiological data on the frequency (incidence or prevalence) of diseases to plan the delivery of health services. This secondary analysis has tried to answer the questions: How many people will develop or have the disease? What services may be needed by patients with this disease? However, most of the data used come from studies designed to disentangle the causes or natural history of disease. Very few studies have set out to determine the need of the community for specific health services, not least because it is difficult to determine a patient's need for an intervention (defined as their ability to benefit from the intervention) from the information available.
More broadly, epidemiological research also "strives to develop a theoretical framework for the understanding of health experience".' Disability is, for many people with neurological disease, an integral if not overwhelming part of their health experience. Therefore this review starts with a consideration of disease based epidemiology; the frequency of neurological disability; and the need for services. However, the information available relating to these topics is too poor to allow specific con- clusions, and the bulk of this review considers a theoretical framework of illness, the predictions this theory makes, and some of the available evidence relating to these predictions.
Frequency of neurological disability
For disabling neurological disease, there is currently a major focus on planning appropriate services especially for common chronic diseases and their rehabilitation. This topic was reviewed 10 years ago,2 and epidemiological studies have been reviewed since in relation to various specific services. [3] [4] [5] [6] [7] There are several problems with using currently available epidemiological data to plan services and to estimate disability.
The first problem with using currently available disease based epidemiological studies is that patients with rare diseases such as tuberous sclerosis will often not have their problems specifically accounted for.8 Although each individual disease is rare, it is likely that the combined incidence and, more importantly, prevalence of these rare diseases is sufficient to make a major impact on health services. Furthermore, the epidemiology of many rare diseases is poorly researched.
Next, this disease based approach does not account for services needed for people presenting to medical services with a symptom for diagnosis. For example, the number of patients referred with "possible multiple sclerosis" probably exceeds the true incidence of multiple sclerosis by a factor of five. Although this has not been formally researched, data from routine clinical practice highlights the number of patients who have no clearcut diagnosis.9 10 None the less, patients with diagnostically uncertain problems, such as undiagnosed tremor, may be disabled and need disability services."I Thirdly, using data on the epidemiology of the disease itself to study the epidemiology of (neurologically based) disability assumes rea number of people needing a specific service such as advice on wheelchairs, or urodynamic investigations and advice on continence, or spasticity management. These important practical problems, which have important resource implications, arise as a relatively rare consequence of many separate diseases and have not been specifically studied.
Few if any studies have specifically focused on the nature or extent of disability within a specific disease, let alone specifically focusing on the incidence or prevalence of specific disabilities across several diseases. There are no useful studies allowing meaningful comparison of neurological disability between geographic areas, or over time, or between diseases.
Only one specific epidemiological point needs to be made in relation to neurological disability. Neurological disease or injury accounts for the vast majority of patients with severe disability. 12-17 Specialists with training in neurology and disability are obviously needed to help manage this large and important population of patients who have specific problems not seen in patients with non-neurological diseases.
Otherwise much of the information relating to the traditional epidemiology of neurological disease has been reviewed in this series. More importantly the gaps in available data mentioned above cannot be filled with much accuracy until more systematic studies focusing on disability are undertaken. Therefore this review will not attempt to calculate the incidence or prevalence of neurological disability because any conclusions will be too uncertain to be useful.
The topic of this review Instead this review will suggest to the reader that there is another important area awaiting epidemiological research. This area is analogous to the study of the causes of disease. It is the study of the mechanisms leading to disability, an area still awaiting appreciable systematic epidemiological research despite its recognition in the past.' 18 This figure) .18-21 However, it was recognised that sometimes the chain of causation could jump one level. The possibility of jumping from pathology to handicap was not considered. The possibility than some illness may arise pri-marily at the level of impairment or even at the level of disability has also not been formally raised (see figure) .
Epidemiological research could be used to investigate the nature and genesis of disability and handicap just as it has previously been used to investigate the nature and genesis of disease. In fact few studies have specifically investigated the links between pathology, impairment, disability, and handicap in a formal way. Most of the information available comes from studies which focused on other matters.
Pathology and impairment
The model predicts a relatively close relation between the impairments seen or experienced and the underlying pathological process, both in quality (that each pathological lesion will be associated with specific impairments) and in quantity (that more severe disease will be associated with impairments of greater severity or more impairments). However, the model also predicts that pathology may occur without impairment and that impairment may possibly occur without pathology.
The traditional medical diagnostic approach depends on a relatively close qualitative link between impairments (symptoms and signs) and the underlying disease (pathological process). However, although the link between pathological process and impairment is relatively close and invaluable in making a diagnosis, it is not absolute. Examples of this weak link include patients without recorded symptoms found after death to have the pathological changes of multiple sclerosis; and the large size achieved by some malignant brain tumours before their clinical presentation.
The links between impairment and pathology are well documented and form the basis of all medicine. Qualitatively impairments can be used to allocate stroke patients into broad diagnostic groups locating the area of cerebral infarction.26 Quantitatively there is a link between the volume of brain loss after stroke and acute impairments.27 In multiple sclerosis relatively strong links have been found between total lesion load shown on MRI and the extent of cognitive impairment (Moller et al 28 and review by Rao29).
With more sensitive techniques for detecting pathology, the weaknesses in the links between pathological processes and impairments are becoming more apparent. It is now possible to detect the pathology of Huntington's chorea using genetic tests before any clinical manifestations are apparent.'0 The use of MRI to investigate patients with single symptomatic episodes of (for example) optic neuritis can demonstrate more widespread pathology." Investigation of elderly people presenting with epilepsy will sometimes disclose silent cerebral infarction,'2 and clinically silent episodes of cerebral infarction are common.33 34 The relation between specific impairments and specific lesion location also needs much further research, and it is possible that many The WHO ICIDH model predicts that the links between pathology and disability are not very close in either direction. In this context it is worth remembering that disability is manifest most obviously as dependence, and that providing care to alleviate dependence requires resources.
Despite this prediction, the current use of diagnosis related groups (DRGs) (healthcare resource groups, HRGs in Britain) as a means of defining resource groups is based, in part at least, on the untested assumption that the resources used by a patient are related to pathological diagnosis. In fact it is common experience that use of health resources is dominated by the need to provide care, not by treatments or investigations specific to the pathology. For this reason, if no other, there is an urgent need to investigate the relation between pathological diagnosis and disability. At present there are no studies comparing levels of disability between different diseases, and none explicitly comparing specific disabilities between diseases. Moreover, one study on selected inpatients has shown that health resources used by disabled people are not related to diagnosis. '8 There are a few specific examples of pathology which are clearly and closely related to specific disabilities. The best example is spinal cord injury, in which the lesion and, more importantly, its location define quite repeatably the disabilities experienced. However, there are few other instances of such a close relation, and in most cases it is likely that the pattern and extent of disability is only weakly related, if at all, to diagnosis. Unless (or until) a close relation is shown between pathological diagnosis and resource use, it would be sensible to develop disability related groups as a means of justifying or giving resources.
The more interesting relation to investigate is that between the extent of pathology and the nature and extent of disability within a group of patients with the same diagnosis (pathologically homogenous). For many diseases, such as Parkinson's disease, it is not directly possible to quantify the extent of pathology in life. If it is assumed that pathology in Parkinson's disease increases with duration of disease then there may be a reasonable link between extent of pathology and level of disability, but this assumption may not be valid. In multiple sclerosis there are now several studies investigating the link between changes seen on MRI and disability.39-41 Although the results are not all in agreement, it can be concluded that any link between the extent of multiple sclerosis pathology and disability is relatively weak. In stroke the few studies investigating the relation between CT changes and longer term levels of disability have found at best a weak link between the volume or location of a stroke and the resultant long term disability.4243
At present the prediction of weak links if any between the type of pathological process (diagnosis) and associated disability is untested because the epidemiological evidence is almost non-existent. The very few studies of patients with a single diagnosis which provide data on the link between the extent of pathology and the level of disability support the hypothesis that there may be a weak statistical link in groups of patients, but in an individual patient the link is not clinically useful.
Impairment and disability
The model predicts a relatively close relation between impairment and disability, although this relation will be complicated by several other influences. Two are discussed below and the third, the environment, is discussed later.
The first complicating factor is that patients may learn to achieve their behavioural goals in other ways when an impairment is present. For example, someone can learn to write using their left hand if they lose their right hand; someone can learn to walk despite a stiff (or even absent) leg; aids, equipment and other environmental changes can allow someone to have more independent behaviours despite unchanging impairment; and new goals and behaviours may develop in place of old ones (for example, someone may develop new work skills or new hobbies). Therefore the relation between a specific impairment and a specific disability might vary both over time, as adaptation occurs, and between patients dependent on their motivation, adaptability, and opportunities. Only epidemiological research investigating large groups and collecting all relevant ancillary data can illuminate this problem successfully.
The second and even more important feature is that it is rare for a single impairment to be present on its own and it is unusual for a single impairment to be the only or major cause of a specific disability.25 Normal behaviour depends on the integrated functioning of many skills. Disruption of one skill alone may sometimes lead directly to a single specific disability but this will be rare. More usually disruption of several skills will be needed to cause a disability. Indeed, sometimes the impairment might be compensated for under most conditions and disability will only be disclosed under stress. For example, it has been shown that standing balance using a prosthesis after amputation is made worse by a stressful cognitive task in the early stages of rehabilitation.44
Thus a specific disability might arise in many ways from different combinations of many different impairments and, conversely, a single impairment may lead to or be an influence on several disabilities.25
To an extent this complexity has been shown by the multivariate prognostic equations developed (for example) in stroke research45; in most studies and equations there are two to four early impairments which relate to later disability. These studies have investigated the prognostic relation between current impairment and future disability. Concurrent comparisons are less common but do also show that several impairments relate to the level of disability.46 53 Sometimes the combination of impairments will arise from several diseases (the essence of geriatric medicine). 5 None the less, studies have found the expected relations between the presence or severity of a single impairment and the severity of disability. In the acute phase after stroke there is an unsurprising relation between the degree of motor loss and the extent of disability. 46 Other studies have shown the expected positive relations between strength of various leg muscles and gait speed47 48 and between the degree of motor loss after stroke and arm function.49 The specific impairment of tremor is associated with a higher level of dependence in activities of daily living (ADL)." Mobility disability in spinal cord injury is closely related to motor impairment.55
In relation to neurological disability, epidemiological studies disclose one important but often neglected fact: many patients with disabling neurological disease have considerable impairment of both cognitive skills and emotional control. Up to half of all patients with stroke have problems with memory and other cognitive skills56 57; up to half of all patients with multiple sclerosis have measurable cognitive losses29; cognitive losses occur in motor neuron disease, albeit at a relatively minor level,58 and in at least 20% of patients with Parkinson's disease59; and they are an important feature in many other pathalogical states, such as Huntington's chorea, Friedreich's ataxia, muscular dystrophy, and (obviously) head injury. The frequency of changes in emotional control or state has been less well studied, but it is likely to be important in stroke,60 multiple sclerosis,6' motor neuron disease58, head injury, and many other situations.
These epidemiological findings are important for two reasons. Rehabilitation is concerned with altering behaviour through learning and adaptation. This depends on the patient being able to learn, and it is often their very ability to learn and adapt that is compromised by the disabling disease. Moreover, most behaviour is goal directed, and changes in emotional state may have a major influence on behaviour and adaptability. There is minor, weak evidence that altering depression may reduce disability.6263 Unfortunately many people have a very mechanistic view of disability and ignore or overlook the importance of these "hidden" impairments. For example, most service provision refers to patients with "physical disability". The more accurate phrase would be "patients with motor impairment" but this grouping ignores the reality that motor impairment is rarely the major factor causing disability.
It may be concluded that the evidence supports the general relations expected between impairment and disability. However, they are only apparent either when the level of impairment is extreme or in specific diseases. The importance of concurrent relations between impairment, especially combinations of impairment and disability, has yet to be explored in a systematic manner. Hopefully further epidemiological research will eventually convince service planners that emotional and cognitive impairments are central to understanding most disability and that "physical disability" does not exist. Disability, handicap, and the environment Because disability refers to the patient's interaction with his or her environment, this model predicts that environmental factors will have a significant influence on disability and an even greater influence on handicap. The extent of this influence on disability will be moderate, probably less than the influence of the patient's impairments. A patient's position in society is determined primarily by how other people interpret and perceive role performance and so this model predicts that handicap will be greatly influenced by a patient's social environment.
The presence of HIV infection gives an example of the importance of social factors in determining handicap, and it also shows that a pathological process can cause handicap directly. A person found on incidental testing to have HIV infection will not have any impairment or disability. However, once the fact of infection is known to others it will affect personal relations, housing, employment, etc. The handicap is determined by the attitude and perception of other people.
There are few studies appertaining to this Therefore the major conclusion to be drawn is that much further research is needed to provide data to allow the concept of handicap to be tested empirically; to determine the relation between a patient's behavioural repertoire and the level of handicap; to investigate the relation between specific disabilities and handicap in different cultures and societies; and to determine how other environmental factors relate to disability and handicap. For example, altering regulations related to disability allowances might reduce or increase handicap,25 and empirical data would help guide decisions.
Illness without disease Using a systems analytical approach to derive the WHO ICIDH model shows that not all illness has an underlying pathology. If the hypothesis that the model encompasses four separate systems, then systems theory would predict that illness may emerge at any level without a specific abnormality at a lower level. In other words it is possible that not all "neurological disability" arises from neurological disease.
In fact this is a well recognised phenomenon. In our own local "young disabled unit" 5% to 10% of patients in wheelchairs do not have any diagnosed neurological (or specific psychiatric) disease (unpublished observations). More generally it is well reported that patients may present with neurological impair-Wade ments and disability and yet have no demonstrable neurological pathology. 70 Furthermore, it has long been recognised that external stress such as bereavement (a change in personal environment) is associated with increased mortality and that depression (an impairment) is associated with altered immunity (a pathological state).71 Interactions between the nervous system and changes in the immune system have been reviewed recently.72 Poverty is associated with a higher level of mortality,73 74 again showing a possible link "in reverse" with factors at the level of handicap in some way causing pathological abnormalities (and hence death or later neurological disability).
Some specific common diagnoses may in fact represent illness arising at the level of impairment. Headache and the disability and handicap associated with it may well be the commonest example of an illness without a specific underlying pathology. Population based studies have generally failed to substantiate any specific types of headache75 76 and it is possible that any reported biochemical or other changes at the level of pathology associated with migraine are simply epiphenomena, occurring as a result of the impairment. The development of frozen shoulder after myocardial infarct is another example of a secondary pathology. Other conditions that may well represent illnesses arising at the level of impairment (with possible contributions from levels of disability and handicap) include chronic fatigue syndrome; situational anxiety; posttraumatic stress disorder; and pseudoepilepsy.
It is of interest that an intervention at the level of impairment, cognitive behavioural treatment, is effective at reducing the illness experienced in chronic fatigue syndrome77; this adds weight to the supposition that this illness has no primary pathological process.
The prediction from the WHO ICIDH model that in some instances illness may arise primarily at the level of impairment is at least plausible. The mechanisms and the relation to changes at the level of pathology are still to be determined. Sometimes the cause may lie within the patients, whereas in other cases external stressors may be responsible. Epidemiological research might help validate this cause of disability and handicap, and also might help to foster rational management of the many patients with these disorders.
Conclusions
There is an urgent need for research into the mechanisms of disablement and traditional epidemiological methodology would be an effective approach. The current information is sparse, but does support the hypothesis that the links between pathology, impairment, and disability are weak in individual patients, although there are some important exceptions (spinal cord injury). There may well be cases of patients with disability and impairment but no pathology. There is specifically no information on the relation between combinations of impairments and the resultant disability.
There is little information on the importance (or otherwise) of impaired cognition and emotional control in the generation or alleviation of disability. There is little information on how altering the physical, social, and legal environment might affect handicap. A clear understanding of the mechanisms underlying disability might allow a more rational, efficient, and cost effective approach to the management of patients with neurological disability. Research into neurological disability is needed urgently, using traditional epidemiological methods to unravel the extremely complex interrelations.
